can be prevented by limiting ETI attempts. This is particularly important in unfavorable environments, in which backup devices and personnel are not easily obtained. The pathological findings in our patient caution against repeated attempts at ETI during resuscitation.
Introduction
Emergency airway management is a critical intervention that can be fraught with severe complications. Multiple attempts at endotracheal intubation (ETI) are known to be associated with increased risk of airway-related adverse events [1, 2] that can cause serious consequences, including tracheal rupture [3] , massive subcutaneous emphysema [3] [4] [5] [6] , pneumomediastinum [3, 5, 6] , pneumothorax [4] , and pneumoperitoneum [4] . An autopsy case exhibiting these severe complications is extremely rare, and detailed pathological findings of severe ETI-related complications have not been reported. We present autopsy findings in a patient with massive subcutaneous emphysema, bilateral pneumothorax, pneumomediastinum, pneumoperitoneum, pneumoretroperitoneum, and pneumoscrotum: complications likely associated with multiple direct laryngoscopies, excessive ventilation pressure, and chest compressions.
Case description
A 77-year-old obese male with a history of obstructive sleep apnea and left putaminal hemorrhage choked on a piece of bread at a rehabilitation facility and suffered Abstract Multiple endotracheal intubation (ETI) attempts increase the risk of airway-related adverse events. However, little is known about autopsy findings after severe ETI-related complications. We present the detailed pathological findings in a patient with severe ETI-related complications. A 77-year-old obese male suffered cardiopulmonary arrest after choking at a rehabilitation facility. Spontaneous circulation returned after chest compressions and foreign-body removal. After multiple failed direct laryngoscopies, the patient was transferred to our hospital. He had massive subcutaneous emphysema, bilateral pneumothorax, pneumomediastinum, pneumoperitoneum, pneumoretroperitoneum, and pneumoscrotum on admission, and died from hypoxic brain injury 15 h later. Autopsy revealed severe oropharyngeal, laryngeal, and left lung lower lobe injury. The likely mechanisms of diffuse emphysema were (1) oropharyngeal injury associated with multiple ETI attempts and excessive ventilation pressures and (2) left lung lower lobe injury associated with chest compressions and other resuscitative procedures. Multiple laryngoscopies can cause severe upper-airway injury, worsen respiratory status, and make ETI more difficult-a vicious circle that cardiopulmonary arrest. Spontaneous circulation returned after chest compressions by nurses and foreign-body removal and manual bag ventilation by an in-house rehabilitation doctor. After return of spontaneous circulation, the doctor attempted ETI with a direct laryngoscope because the patient exhibited agonal respirations. Because no portion of the larynx could be visualized, the doctor applied greater lifting force with each laryngoscopy. After more than three failed ETI attempts, the patient was transferred to our hospital under manual bag ventilation by the rehabilitation doctor. On admission, the patient was deeply comatose (Glasgow Coma Scale score of 3). There was no spontaneous breathing, but his common carotid and femoral arteries were palpable. Manual bag resistance was extremely strong, making ventilation difficult. We observed significant subcutaneous emphysema in the patient's face, neck, trunk, genitals, and extremities; neck emphysema was particularly severe. In addition, copious bleeding from oropharyngeal laceration prevented the use of either a video laryngoscope or a supraglottic airway device (SGA). ETI was difficult (Cormack-Lehane grade 3 on direct laryngoscopy) but successful on the first attempt by an anesthesiologist. Duration of manual bag ventilation before successful ETI was about 1 h. Computed tomography revealed diffuse subcutaneous emphysema, bilateral pneumothorax, pneumomediastinum, pneumoperitoneum, pneumoretroperitoneum, and pneumoscrotum (Fig. 1) . Despite multiple rescue attempts, including bilateral thoracic drainage and mechanical ventilation, the patient died from hypoxic brain injury 15 h after admission. Autopsy revealed severe lacerations of the tongue and valleculae with substantial hematoma (Fig. 2a) , injuries to the hypopharynx and larynx [right epiglottis and right arytenoid cartilage (Fig. 2b)] , and left lung lower lobe disruption [mediastinal side of posterior basal segment (S10) and superior segment (S6)] (Fig. 3) . There was no thoracic wall injury, rib fracture, or right lung injury. Hematoma was present at the esophageal orifice. The patient's stomach was severely distended with air, but there was no rupture of the esophagus, stomach, or lower digestive tract and no laceration of the trachea. A pathologist determined the causes of emphysema to be (1) oropharyngeal injury due to multiple ETI attempts and excessive ventilation pressures and (2) left lung lower lobe injury associated with chest compressions and other resuscitative measures.
Discussion
This case involved severe complications arising from multiple attempts at direct laryngoscopy. Diffuse, massive emphysema was likely caused by air entering the soft tissues of the neck through an oropharyngeal laceration and dissecting into the mediastinum, pleural space, peritoneal cavity, retroperitoneal space, and scrotum [4] . Possible aggravating factors were (1) tongue swelling due to multiple laryngoscopies, resulting in the need for excessive ventilation pressures, and (2) a considerable amount of time (about 1 h) elapsing before an endotracheal tube was past the upper-airway lesion. Multiple ETI attempts can create a vicious circle, especially in a compromised patient, in which multiple laryngoscopies cause upper-airway injury, exacerbate upper-airway edema, worsen respiratory status, and make ETI more difficult, which leads to further complications. Once upper-airway injury occurs, the endotracheal tube must traverse the lesion and the cuff must be inflated as soon as possible; this is to prevent the injury site proximal to the cuff from being exposed to positive ventilation pressure and to prevent wider spread of the emphysema. Dental and oral surgery case reports [7] [8] [9] demonstrate that pneumothorax, systemic air embolism, and even death can be caused by pressurized air entering an oropharyngeal wound. Even when ETI proves difficult, the tendency is for many laryngoscopists as well as second laryngoscopists to attempt ETI repeatedly [10] . Connelly et al. [11] reported that when direct laryngoscopy is unsuccessful, additional attempts using the same technique have close to an 80 % failure rate, while the use of an alternative technique (i.e., SGA and video laryngoscopy) is more successful. There is much evidence to support the usefulness of an SGA [12] [13] [14] and video laryngoscopy [15] [16] [17] [18] in difficult airway management. Most airway management guidelines [19] [20] [21] also emphasize that attempts at direct laryngoscopy should be limited and that alternative techniques should be attempted. Studies by Mort [1] and Hasegawa et al. [2] revealed that rates of complication associated with emergency ETI dramatically increase when more than two laryngoscopies are performed.
This case also illustrates a problem associated with difficult airway management in adverse environments. It is risky to perform ETI in pre-hospital settings and most chronic-disease hospitals because of the lack of backup personnel and equipment [22] . Neither a video laryngoscope nor an SGA was available at this rehabilitation facility. Managing a difficult airway in such a setting is challenging even for an experienced provider [22] , and past reports have revealed that both ETI difficulty [23, 24] and severe ETI-related complications [25, 26] can be increased in such situations. Results of a study by Paal et al. [22] suggested that avoiding repeated ETI attempts is much more important in the pre-hospital setting than in the emergency or operating room. In the present case, manual bag ventilation was possible after removal of the foreign body. The most appropriate treatment would have been immediate transfer to a hospital to obtain senior help with manual bag ventilation, rather than to continue to attempt ETI in an environment in which backup devices and personnel were not available. Another important cause of the severe emphysema in this patient was left lung lower lobe (S10 and S6) disruption as a complication of chest compressions and other resuscitative procedures. In this case, thoracic wall injury and rib fracture did not occur and lung injury was limited to the left mediastinal side, which was away from the chest compression site. The most likely etiology of the left lung injury was therefore increased intrathoracic pressure associated with chest compressions and positive-pressure ventilation. Although the push-hard-and-push-fast technique advocated by the 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care [27] produces effective chest compressions, it may have exacerbated the complications seen in this patient. The lesson here is that, even in the absence of thoracic wall injury and rib fractures, lung disruption may be present after vigorous chest compression. This warrants active post-resuscitative follow-up of the lungs. We regard the disrupted left lower lung as the major cause of the subcutaneous emphysema, bilateral pneumothorax, pneumomediastinum, pneumoperitoneum, pneumoretroperitoneum, and pneumoscrotum in this patient. Nevertheless, we believe that oropharyngeal injury associated with multiple direct laryngoscopies was also responsible for these pathologies because (1) neck emphysema was especially severe, and (2) even tiny oropharyngeal lacerations can cause severe subcutaneous emphysema and pneumomediastinum [6, 28] .
We believe this case represents a novel complication, as we were unable to find any report describing pneumoretroperitoneum after both cardiopulmonary resuscitation and repeated ETI attempts. It is possible that the diffuse massive emphysema originating from oropharyngeal and left lung lacerations was pushed into the retroperitoneal space by vigorous chest compressions.
In conclusion, the massive subcutaneous emphysema, bilateral pneumothorax, pneumomediastinum, pneumoperitoneum, pneumoretroperitoneum, and pneumoscrotum seen in this patient were likely caused by oropharyngeal injury associated with multiple direct laryngoscopies, and left lung injury associated with chest compressions. This case represents severe complications arising from multiple attempts at direct laryngoscopy and cautions against repeated attempts at ETI during resuscitation, especially in adverse settings.
